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(57) ABSTRACT 
The present invention discloses a proceSS for producing a 
braided Suture having an improved knot Strength comprising 
heating a braided Suture coated with a low molecular weight 
biocompatible polymer to a temperature Sufficient to melt 
the low molecular weight biocompatible polymer for a time 
sufficient to allow the low molecular polymer to be redis 
tributed into the interstices of the braided suture thereby 
providing a coated braided Suture with an improved knot 
tensile Strength. Also disclosed is the coated braided Suture 
having a low molecular weight polymer optimally dispersed 
throughout the braided Suture's cross-section. 
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BRADED SUTURE WITH IMPROVED KNOT 
STRENGTH AND PROCESS TO PRODUCE SAME 

FIELD OF THE INVENTION 

0001. This invention generally relates to a braided suture 
and a process for producing a braided Suture. More specifi 
cally the present invention discloses a process for producing 
a braided Suture with improved knot strength. 

BACKGROUND OF THE INVENTION 

0002 Braided multifilament Sutures are commonly used 
in Surgery because of their excellent flexibility and handling 
properties. Braided Sutures are generally used because an 
equivalent monofilament Suture of the same material would 
be too Stiff to be used as a Suture. However, braiding creates 
inherent limitations in the properties of the final suture. For 
example braided Sutures generally have rougher Surfaces 
and may have lower overall Straight and knot tensile 
Strengths as compared to a monofilament Suture of the same 
size. To improve the Surface characteristics of braided 
Sutures the Surface of these Sutures are generally coated with 
a lubricant to avoid the undesirable side effects of Suture 
roughness (i.e. excessive tissue abrasion as the Suture is 
passed through tissue) and difficulty in sliding down knots as 
the Surgeon Secures the Suture in place. Suture coatings can 
be applied by a variety of methods. It is typical however, that 
they are applied by drip coating or dip coating the Suture 
with a film-forming polymer Suspended in or dispersed in a 
Volatile Solvent. The coated Suture is then dried by passing 
the Suture through a drying oven. Although coating the 
braided Suture Solves many of the issues associated with 
Surface roughness it does not address how to improve the 
tensile Strengths of braided Sutures, particularly the knot 
tensile Strength. 
0003) To overcome the limitations imposed by braided 
sutures Hunter and Rosen proposed in U.S. Pat. No. 3,791, 
388 to construct a multifilament yarn impregnated with an 
adhesive binder covered with a ribbon like helical winding. 
The Hunter-Rosen Suture had a higher knot strength com 
pared to conventional coated braided Sutures. Unfortunately 
little further research has been done to develop braided 
Sutures with improved knot strengths. 
0004. It is an object of the present invention to provide a 
proceSS for producing a braided multifilament Suture with an 
improved knot strength. A further object of the present 
invention is to provide a braided Suture with an improved 
knot strength. 

SUMMARY OF THE INVENTION 

0005 We have discovered a process for producing a 
braided Suture having an improved knot Strength comprising 
heating a braided Suture coated with a biocompatible poly 
mer to a temperature Sufficient to melt the biocompatible 
polymer for a time sufficient to allow the polymer to be 
redistributed into the interstices of the braided suture thereby 
providing a coated braided Suture with an improved knot 
tensile Strength. 
0006. In a further embodiment of the present invention 
we have also discovered a coated braided Suture with an 
improved knot strength comprising a braided Suture having 
a biocompatible polymer dispersed throughout the braided 
Suture. 

0007. These and other objects and advantages of the 
present invention will be apparent to one of Skill in the art 
from the following Drawings, Detailed Description, 
Examples and claims. 
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BRIEF DESCRIPTION OF THE DRAWING 

0008. The FIGURE illustrates the knot used to test the 
knot strength of the improved Suture. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0009 We have discovered that by optimizing the distri 
bution of a biocompatible polymer (preferably of low 
molecular weight) in a braided Suture that the 4Suture's knot 
Strength can be improved (while maintaining Suture flex 
ibility) as compared to conventionally coated Sutures. Low 
molecular weight biocompatible polymers have been used to 
coat and lubricate the external Surfaces of braided Sutures for 
many years. Although lubricating the external Surface of a 
Suture may significantly impact the performance of a braided 
Suture by making it easier to pass through tissue and tie 
knots, no one previously appreciated that controlling the 
distribution of the coating polymers throughout the braided 
Suture's cross-section would impact Suture performance. 
We, however, have discovered that Significant improve 
ments in the knot tensile Strength of braided Sutures could be 
achieved by redistributing the coating into the interior of the 
braided Suture. 

0010) Suitable polymers for use in the present invention 
are well known. By far, the most widely used polymers for 
medical applications are aliphatic polyesters, however, poly 
oxalates and polyoxaesters are also well Suited for use in the 
present invention. Suitable biocompatible polymers for coat 
ing applications, include but are not limited to, those 
described in U.S. Pat. Nos. 3,942,532, 4,624.256; 4,788, 
979; 4,791,929; 4,994,074; 5,007,923; 5,019,094; 5,037, 
950; 5,047,048; 5,076,807; 5,133,739; 5,442,016; 5,464, 
929; 5,618,552; 5,597.579; 5,648,088; and 5,607,687, all 
hereby incorporated by reference herein. 
0011 Lactone monomers have been described in the art, 
for example in Polymer, 1979, Vol. 20, 1459–1464 by 
Gilding and Reed. Examples of lactone monomers include 
monomerS Selected from the group consisting of glycolide 
(or glycolic acid) lactide, (D, L, meso and D.L. blends and 
lactic acid) 1,4-dioxanone, trimethylene carbonate, 8-vale 
rolactone, e-caprolactone, 1,4-dioxepan-2-one, 1,5-diox 
epan-2-one, alkyl Substituted derivatives of these com 
pounds, cyclic dimers of these compounds and combinations 
of two or more thereof. The preferred lactone monomers are 
e-caprolactone, 1,4-dioxanone, 1,4-dioxepan-2-one, 1,5-di 
OXepan-2-one, trimethylene carbonate, glycolide and lac 
tide. The most preferred lactone monomers are e-caprolac 
tone, 1,4-dioxanone and glycolide. For the purpose of 
describing this invention, an “ether lactonel’ is 1,4-diox 
epan-2-one, 1,5-dioxepan-2-one, and Substituted equivalents 
of these compounds as well as the cyclic dimers of these 
compounds. 
0012 Many biocompatible bioabsorbable aliphatic poly 
esters that are Solids at room temperature, may be used as the 
coating material in the present invention. Suitable bioab 
Sorbable polymers include Solid homopolymers poly(p-di 
oxanone), and copolymers of e-caprolactone and trimethyl 
ene carbonate. Copolymers of e-caprolactone should be 
composed of from about 99 mole percent to about 70 mole 
percent and preferably from 95 mole percent to 85 mole 
percent of e-caprolactone repeating units with the remainder 
of the polymer being a plurality of Second lactone repeating 
units. The Second lactone repeating units will be Selected 
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from the group consisting of glycolide repeating units, 
lactide repeating units, 1,4-dioxanone repeating units 
(including alkyl derivatives thereof i.e. 6,6-dimethyl-1,4- 
dioxan-2-one Such as are described in European Patent 
Application No. 97301725.4), 1,4-dioxepan-2-one repeating 
units, 1,5-dioxepan-2-one repeating units, trimethylene car 
bonate repeating units (including alkyl Substituted deriva 
tives thereof Such as are described in U.S. Pat. No. 5,412,068 
incorporated herein by reference), and combinations thereof. 
Preferred are copolymers of e-caprolactone that are Semi 
crystalline Solids at room temperature. The Solid polymers of 
trimethylene carbonate should be composed of from in the 
range of from about 1 to about 20 mole percent or from 
about 100 to about 80 mole percent of trimethylene carbon 
ate with the remainder of the copolymer being composed of 
a plurality of repeating units Selected from the group con 
Sisting of glycolide repeating units, lactide repeating units, 
p-dioxanone repeating units, e-caprolactone repeating units, 
and combinations thereof. It is preferred for the trimethylene 
carbonate copolymers to have crystalline regions formed by 
the Second repeating units wherein the crystalline regions 
provide at least 5 percent crystallinity to the final copolymer. 
The Solid polymers may be linear, branched, or Star 
branched; block copolymers or terpolymers, Segmented 
block copolymers or terpolymers. These polymers will also 
be purified to Substantially remove unreacted monomers 
which may cause an inflammatory reaction in tissue. 

0013 The preferred aliphatic polyesters for use as coat 
ings are low molecular weight copolymerS Selected from the 
group consisting of poly(e-caprolactone-coglycolide), poly 
(e-caprolactone-co-trimethylene carbonate), poly(e-capro 
lactone-co-lactide), and poly(e-caprolactone-co-p-diox 
anone). The mole percent of e-caprolactone repeating units 
in these polymers should be in the range of from 100 to 
about 80 mole percent and preferably in the range of from 
95 to 85 mole percent. Most preferably these polymers will 
be Statistically random copolymers. 

0.014. The polymeric coating of this invention can be a 
random, block or Segmented polymer. Preferably, if the 
Suture is absorbable the coating polymer is an absorbable 
polymer. A polymer is “absorbable” within the meaning of 
this invention if it is capable of breaking down into Small, 
non-toxic Segments which can be metabolized or eliminated 
from the body without harm. Generally, absorbable poly 
mers, hydrolyze, and degrade upon exposure to bodily 
tissue, resulting in a significant weight loSS. 

0.015 The hydrolysis reaction may be enzymatically 
catalyzed in Some cases. Complete bioabsorption, i.e. com 
plete weight loSS, may take Some time, although preferably 
complete bioabsorption occurs within twelve months, most 
preferably within six months. 
0016. The preferred random copolymers can be made 
using conventional polymerization techniques. The reactive 
components can be charged to a Suitable polymerization 
vessel, and Subjected to an elevated temperature for a 
sufficient period of time to form the polymer of desired 
molecular weight and thus the desired Viscosity. These 
polymers may be formed in a ring opening polymerization 
reaction. Currently, it is preferred to initiate the ring opening 
polymerization with high boiling alcohols (Such as 1-dode 
canol), diols and triols (such as 1,2-propanediol, 1,3-pro 
panediol, diethylene glycol, or glycerol) or polyols (such as 
polyethyleneglycols, polypropyleneglycols and polyethyl 
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enepropyleneglycols). Additionally, Some of the monomers 
described above may be replaced by an equivalent amount 
of the corresponding acid (Such as the Substitution of two 
equivalents of glycolic acid for glycolide or two equivalents 
of L-lactic acid for L-lactide). 
0017. The preferred random copolymers exhibit an inher 
ent Viscosity, as measured in a 0.1 gram per deciliter (g/dL) 
of hexafluoroisopropanol (HFIP) at 25 C., between about 
0.05 to about 0.8 dL/g, preferably about 0.10 to about 0.60 
dL/g. If the inherent viscosity were less than about 0.05 
dL/g, then the polymer may not have the integrity necessary 
for the preparation of films or coatings for the Surfaces of 
various Surgical and medical articles. 
0018. On the other hand, although it is possible to use 
polymers with an inherent Viscosity greater than about 0.8 
dL/g, it may be exceedingly difficult to do So. 
0019. The polymer may be applied as a coating using 
conventional techniques. For example, the polymer may be 
Solubilized in a dilute Solution of a volatile organic Solvent, 
e.g. acetone, methanol, ethyl acetate or toluene, and then the 
article can be immersed in the Solution to coat its Surface. 
Once the Surface is coated, the Surgical article can be 
removed from the Solution where it can be dried at an 
elevated temperature until the Solvent and any residual 
reactants are removed. The drying proceSS is usually accom 
plished by heating for 10 minutes or less. 
0020. The amount of coating polymer to be applied on 
the Surface of a braided Suture can be readily determined 
empirically, and will depend on the particular copolymer and 
Suture chosen. Ideally, the amount of coating copolymer 
applied to the Surface of the Suture may range from about 0.5 
to about 30 percent of the weight of the coated Suture, more 
preferably from about 1.0 to about 20 weight percent, most 
preferably from 1 to about 10 parts by weight based on the 
total weight equaling 100 parts. If the amount of coating on 
the Suture were too great, then it may increase the risk that 
the coating may flake off when the Suture is passed through 
tissue. 

0021. After the suture is coated, as part of the drying 
proceSS or in a Subsequent processing Step, the coating 
polymer is heated to a Sufficient temperature for a Sufficient 
time to Soften the coating polymer and allow the coating 
polymer to be mobilized and penetrate the interstices of the 
braided Suture. Because the coating must be heated to its 
Softening temperature, it will be readily apparent to one 
skilled in the art that the polymer used in the underlying 
braid filament should have a higher melting temperature 
than the coating polymer's Softening point or the filaments 
in the braid may melt or loose their molecular orientation 
(i.e. the Straight tensile strength of the filaments will be 
reduced). Therefore, an appropriate choice of braided Suture 
material and coating material should be made. However, 
because the relationship between polymer composition, 
molecular weight and Softening point is well established in 
the art those skilled in the art should not be significantly 
limited by these concerns. 
0022. The temperature that the low molecular weight 
polymer may be heated to should be at least its Softening 
temperature, however, temperatures in excess of its Soften 
ing temperature may be utilized as long as the temperature 
and exposure time do not adversely affect the underlying 
braid filaments to unacceptable levels or result in the low 
molecular weight polymer dripping off the Suture. In many 
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cases the temperature of the heat treatment will be above the 
Softening temperature of the low molecular weight biocom 
patible polymer and less than 100° C. above the softening 
point of the polymer. As a general guideline, but in no way 
limiting the Scope of this invention, it is preferred that the 
heat treating temperature will be above 60° C., more pref 
erably above 80° C. and below 100° C. above the softening 
point of the low molecular weight biocompatible polymer 
and preferably 50° C. above the softening point of the low 
molecular weight biocompatible polymer. In the case of 
polymeric coatings that are non-crystalline in nature, there 
will be no melting, thus the elevated temperature is needed 
only to reduce the Viscosity of the coating to allow for 
redistribution from the Surface of the Suture. 

0023 The coating should generally be heated for a time 
Sufficient to allow the coating to redistribute, the amount of 
time will of course depend on the temperature, Viscosity of 
the coating polymer and the braid construction. However, by 
way of a general guideline the coating polymer should be 
heated to at least its Softening point and preferably less than 
100° C. above its softening point temperature for at least 
about 20 minutes, preferably about 30 minutes to about 72 
hours, more preferably about 1 hour to about 72 hours, and 
most preferably about 5 hours to about 20 hours. 
0024. The low molecular weight coating polymers may 
be used with braided Sutures made from a variety of syn 
thetic absorbable polymerS Such as homopolymers and 
copolymers of glycolide, lactide (which includes L-, D-, and 
meso-forms of lactide and mixtures thereof), e-caprolactone, 
p-dioxanone, trimethylene carbonate, 1,4-dioxepan-2-one, 
poly(alkylene oxalate), polyoxaesters and mixtures of Such 
polymers with each other and with other compatible absorb 
able compositions as those described; for example, in U.S. 
Pat. Nos. 3,636,952 and 2,683,136 which patents are here 
with incorporated herein by reference. One suitable suture 
composition would include copolymers of p-dioxanone, 
trimethylene carbonate and glycolide and copolymers of 
lactide and p-dioxanone. Preferred are Suture compositions 
derived from lactide and glycolide Sometimes referred to 
herein as Simply homopolymers and copolymers of lactide 
and glycolide and copolymers of glycolide and e-caprolac 
tone, most preferred are 95/5 mole percent copolymers of 
poly(lactide-co-glycolide) and 90/10 mole percent copoly 
mers of poly(lactide-co-glycolide ). 
0.025 Suitable nonabsorbable sutures include cotton, 
linen, Silk (although Silk is referred to as a nonabsorbable 
material it is broken down in the human body), nylon, 
polyethylene terephthalate and polyolefins (i.e. polypropy 
lene which includes isotactic and Syndiotactic polypropy 
lene and blends thereof, as well as, blends composed pre 
dominantly of isotactic or Syndiotactic polypropylene 
blended with heterotactic polypropylene and polyethylene 
(such as is described in U.S. Pat. No. 4,557.264 issued Dec. 
10, 1985 assigned to Ethicon, Inc. hereby incorporated by 
reference) and copolymers composed predominantly of pro 
pylene and other alpha-olefins Such as ethylene (which is 
described in U.S. Pat. No. 4,520,822 issued Jun. 4, 1985 
assigned to Ethicon, hereby incorporated by reference). 
0.026 Appropriate techniques for braiding sutures are 
well known in the art. Suitable techniques for braiding 
sutures may be found in one or more of the following U.S. 
Pat. Nos. 5,662,682; 5.456697; 5,306,289; 5,261,886; 5,181, 
923; 5,133,738; 5,059.213 and 5,019,093 which are hereby 
incorporated by reference herein. 
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0027. The braided suture after being coated and heat 
treated to redistribute the low molecular weight polymer 
within the Suture. The coating polymer generally resides on 
the Outer Surface of the Suture. Although we do not wish to 
be limited by scientific theory we believe that the heat 
treatment after coating causes the low molecular weight 
polymeric coating to wick into and around a greater number 
of filaments making up the braid construction and is more 
evenly distributed around the individual filaments. This 
enables the individual filaments to Slip Over one another 
when tied in a knot thereby more evenly distributing the load 
between filaments. 

0028. The braided sutures produced by the present inven 
tion can be used in numerous Surgical procedures. One 
preferred suture applications for braided 95/5 poly(lactide 
co-glycolide) Sutures with a coating of 90/10 poly(e-capro 
lactone-co-glycolide) is to utilize these Sutures in orthopedic 
applications. For example this Suture may be used with 
Suture anchors and ScrewS Such as those described in U.S. 
Pat. Nos. 4898,156; 4,899,743; 4,946,468; 4.968,315; 
5,116,337; 5,192,303; 5,217,486; 5,306,280; 5,356,413; 
5,372.599; 5,411,523; 5,417,712; 5,441,502; 5,486, 197; 
5,522,845; 5,545,180; and 5,618,314 (all hereby incorpo 
rated by reference herein). 
0029. The following examples illustrate the preferred 
embodiments of this invention, and should not be interpreted 
to limit the Scope of the claimed invention. 

EXAMPLE 1. 

0030 Process Description of Manufacturing Suture 
0031. The following is a description of the processing of 
a Size 2 suture of Polyglactin 095 Polymer(PG-095 Poly 
mer, 95 mole percent L(-)lactide/5 mole percent glycolide). 
The comonomers were polymerized and the resulting resin 
extruded into filaments that were oriented, braided into a 
Suture and coated. 

0032 Polymerization: 

0033. The chemical reaction for the synthesis of PG-095 
polymer consists of reacting a mixture comprised of 95 mole 
percent of L(-)lactide and 5 mole percent of glycolide 
monomer with a molecular weight control agent, dodecanol, 
in the presence of a catalyst (Stannous octoate catalyst 
solution, 0.331 molar in toluene). The amount or quantity of 
dodecanol added to a reaction is dependent upon the desired 
final inherent Viscosity (molecular weight). The inherent 
Viscosity of this polymer was 1.61 dl/g as measured in 
hexafluoroisopropanol (HFIP) at 25 C. at a concentration of 
0.1 g/dl. The PG-095 polymer was prepared in a 60kg batch 
Size in a 15 gallon reactor. 
0034. The polymer was prepared by charging all ingre 
dients including the catalyst Solution to a reactor equipped 
with a vacuum and a nitrogen Source. The contents of the 
reactor were placed under Vacuum to remove the Solvent 
used in the preparation of the catalyst and any ambient 
moisture that may have entered the reactor during the 
charging process. The reactor vacuum was released with 
nitrogen. The vacuum/nitrogen Step was repeated at least 
once more. The content of the reactor were then heated 
under nitrogen atmosphere to temperatures in the range of 
180-195 C. for one and one half hours. 
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0035. The divided polymer was vacuum dried. This was 
done at a pressure of 0.5 mm of mercury or leSS for up to 
Seven days at ambient temperatures or, at a pressure of 0.5 
mm of mercury for up to eighteen hours followed by vacuum 
drying at a temperature of 140 C. for at least four hours. At 
the end of the drying period, the dried polymer was dis 
charged directly into tared vacuum containers, weighed and 
Stored. 

0036) Extrusion/Orientation: 
0037. The polymer was extruded in a V100 vertical 
extruder, with a 1" Screw diameter. During this trial, a size 
one Zenith pump was use to maintain a die at a pressure of 
approximately 2160 psi. The die size used was a 12 mill 40 
hole die with a 7:1 length/diameter capillary ratio. This 
combination of pressure and die configuration allowed con 
tinuous collection of an unoriented 406 denier product. A 
Leesona winder was used to collect this extrudate at a rate 
of 1250 feet per minute. 
0.038. In order to evolve the maximum physical proper 
ties of the extrudate yarn, it was necessary to Stretch, or 
orient, the yarn while it was exposed to heat. This was 
accomplished by leading the fiber around a Series of heated 
rolls turning at different Speeds relative to one another. The 
first roll, or feed roll turned at 133 feet per minute and was 
heated to a temperature of 210 F. The second roll, or draw 
roll turned at 732 feet per minute and was heated to a 
temperature of 295 F. This results in the fiber being 
stretched to 5.5 times its original length. From the draw roll, 
which turned at 732 feet per minute, the fiber proceeds to the 
let off roll, which was at room temperature and turned at a 
rate of 865 feet per minute. The fiber was stretched a total 
of 6.5 times its original length. The yarn properties Such as 
denier, tenacity, and elongation were then measured. 
0039 Textile Processing 
0040 Braided suture may have different braid construc 
tion, however, the Suture described herein after were Size 2 
Suture (with Similar constructions when compared within a 
table). The yarn was first twisted on a Hamel 2000 down 
twister. This machine has the capabilities of Single end 
twisting and plying which Suits the needs of this Suture 
preparation. The twist level which was determined by feed 
roll speed and spindle speed is set at 6 turns per inch (tpi) in 
two directions, “S” and “Z”. This is to counterbalance the 
torque in the braiding operation. The Six turns per inch level 
is also in the core material which is plied. 
0041. The sheath yarns which consist of a single end of 
62.5 denier is twisted at the above level. Three ends of 62.5 
denier yarn are also twisted or plied together at 6 tipi. The 
yarn was then taken to the Hacoba bobbin winder for 
winding onto braider bobbins. Sixteen bobbins will contain 
the Single 62.5 denier material due to the number of carriers 
on the braiders and four bobbins will contain the plied 
material which is now known as 62.5/3. Once the yarn was 
bobbin wound, each Single end bobbin was placed on a 
braider carrier. The braiders were sixteen carrier, New 
England Butt braiders, with a Maypole configuration. They 
were manufactured by the Wardwell Machine Company. 
The 62.5/3 yarn was placed below the braiders and was 
pulled off parallel to the flange. Tension was monitored on 
the core So as not to cause potential core popping and 
bunching. The pick gear which monitors the density of the 
braid was set at 82/30 which yields approximately 45 picks 
per inch. The braider runs at approximately 11 yards per 
hour. 
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0042. Once the braid is complete, the material was doffed 
and Scoured in isopropyl alcohol for fifteen minutes. It was 
Scoured in Skein form and then air dried. The Skein was then 
wound onto a double flanged plastic bobbin which was used 
as the let off spool for the next operation, hot Stretching. The 
hot Stretching, which was a drawing process, was accom 
plished by moving the braid through a Series of heated 
rollers at Subsequently higher Speeds. This material was run 
at 100 feet per minute using a 10 percent draw ratio with the 
draw rollers at a temperature of 85 C. It was then ready for 
coating. 

0043 Coating 
0044) The spool of material was placed on the let off 
device and the end of the Suture was threaded through a 
coating line. The Suture was fed through guide wires and into 
a coating dip tank. The Suture goes over and under a Series 
of rollers which ensures that the Suture passes through the 
coating Solution bath. The coating Solution was made by 
adding coating copolymer (90/10 poly(e-caprolactone-co 
glycolide) initiated with glycolic acid having an inherent 
viscosity 0.45 dL/g as measured in HFIP at 25 C. at a 
concentration of 0.1 g/dL) to ethyl acetate solvent. The 
mixture was then Stirred until all of the copolymer is in 
solution. The coating bath was filled with the solution. The 
coating unit was exhausted to remove exceSS Solvent vapors. 
The Suture then travels Single pass through the drying tunnel, 
16 feet long at a temperature of 120 F. at a speed of 80 
meterS/minute. 

0045 Annealing 
0046) The suture was then rack wound under tension and 
annealed in a Blue M oven for 10 hours at 80 C. At the end 
of that time, the Suture was unwound and Spooled. 
0047 The characteristic properties of the sutures of the 
invention were determined by conventional test procedures. 
The tensile properties (i.e., Straight and knot tensile 
Strengths and elongation) displayed herein were determined 
with an INSTRON Tensile Tester. The settings used to 
determine the Straight tensile, knot tensile and break elon 
gation were the following, unless indicated: 

TABLE 2 

GAUGE CHART CROSSHEADSPEED 

LENGTH (cm) SPEED (cm) (cm? min.) 
STRAIGHT 12.7 30.5 30.5 
TENSILE 
KNOT 12.7 30.5 30.5 
TENSILE 
BREAK 12.7 30.5 30.5 
ELONGATION 

0048. The straight tensile strength was calculated by 
dividing the force to break by the initial cross-sectional area 
of the Suture. The elongation at break was read directly from 
the StreSS-Strain curve of the Sample. 
0049. The knot tensile strength of a suture was deter 
mined in Separate tests. A simple knot (single throw-right 
over left) by forming a loop in the left hand. The right end 
was passed behind the left end and pulled forward through 
the center of the loop with the right hand was tied (see 
FIGURE). The strand is placed in the Instronjaws so that the 
knot is created approximately midway between the grips. 
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0050. The specimen was placed in the INSTRON Tensile 
Tester with the knot approximately midway between the 
clamps. The knot tensile Strength was calculated by dividing 
the force required to break by the initial cross-sectional area 
of the fiber. The tensile strength values are reported in KPSI 
(i.e. 1,000 psi). 
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anneal, and anneal-coating-heat treat), the tensile properties 
were increased compared to tensile properties of the tradi 
tional process flow. The data is Summarized in the tables 
below and it can be seen that although Some increase are leSS 
than 1% the trend is always that redistributing the coating 
increases the tensile Strength. 

Straight Knot 
Straight Straight % Change Knot Knot % Change 

Size Treatment Average SD from AfC Average SD from A/C 

2 Traditional-Anneal/Coated 38.86 O.81 O.OO% 25.95 1.17 O.OO% 
2 Coated Annealed 39.71 O.84 2.19% 26.11 O.55 O.62% 
2 Annealed/Coated/Heat Treat 39.88 0.72 2.62% 26.07 O.66 O.46% 
O Traditional-Anneal/Coated 24.26 O.31 O.OO% 13.53 O.S8 O.OO% 
O Coated Annealed 24.35 O.46 O.37% 1426 O42 5.40% 
O Annealed/Coated/Heat Treat 24.34 O.38 O.33% 14.SS O-37 7.54% 
3/O Traditional-Anneal/Coated 1016 O.40 O.OO% 6.22 O.35 O.OO% 
3/O Coated Annealed 10.47 O.39 3.05% 6.50 O.24 4.50% 
3/O Annealed/Coated/Heat Treat 10.52 O.26 3.54% 6.58 O.25 5.79% 

0051. The physical data for this spool is as follows: 

Diameter Straight Percent Knot Tensile 
(mils) Tensile (Ibs) Elongation (Ibs) 
24.36 29.12 32.O 15.90 

EXAMPLE 2 

0.052 This Example provides a comparison of the inven 
tive Suture described in Example 1 and a Suture prepared 
using a conventional process. Conventionally processed 
Sutures where prepared by annealing the Suture before 
coating the Suture using the same processing conditions as 
described in Example 1. The braided sutures were then 
tested. 

0053. The following table outlines three lots of Suture 
material that were processed under both the Standard proceSS 
flow, anneal/coat and the new process flow coat/anneal. In 
each lot there was a significant increase in knot tensile 
Strength when the new process was used. 

Knot Strength Knot Strength 
Annealed/Coated Coated/Annealed 

Sample Number (Ibs.) (Ibs.) 

Sample 1 14.93 15.95 
Sample 2 14.15 15.56 
Sample 3 14.77 15.90 

0.054 The process of annealing after coating was also 
evaluated on different size braided structures. The braided 
material was processed in the traditional manner up to 
annealing. The material was coated first and then annealed. 
Another Set of material was annealed prior to coating and 
then Subjected to a post coating heat treatment. Both of these 
materials were tested, as described in Example 1, and 
compared to material processed in the traditional proceSS 
flow. In both cases of the coating material being distributed 
into the braid due to post coating heat exposure (coating 

We claim: 

1. A braided Suture with an improved knot strength 
comprising a braided Suture with a biocompatible polymer 
dispersed in the interstices of the braided Suture in an 
amount Sufficient to increase the knot strength. 

2. The braided suture of claim 1 wherein the biocompat 
ible polymer is an absorbable polymer selected from the 
group consisting of aliphatic polyesters, polyoxalates, poly 
oxaesters and combinations thereof. 

3. The braided Suture of claim 1 wherein the inherent 
Viscosity of the biocompatible copolymer is in the range of 
from about 0.05 dL/g to about 0.8 dL/g. 

4. The braided suture of claim 1 wherein the knot strength 
is increased by at least 5 percent as compared to a conven 
tionally coated Suture. 

5. The braided suture of claim 1 wherein the knot strength 
is increased by at leas 10 percent. 

6. The braided Suture of claim 1 wherein the braided 
Sutures is absorbable. 

7. The braided Suture of claim 6 wherein the absorbable 
Suture is a homopolymer or copolymer of a monomer 
Selected from the group consisting of glycolide, lactide, 
1,4-dioxan-2-one, trimethylene carbonate, 6-Valerolactone, 
e-caprolactone, 1,4-dioxepan-2-one, 1,5-dioxepan-2-one, 
alkyl Substituted derivatives of these compounds, cyclic 
dimers of these compounds and combinations of two or 
more thereof. 

8. The braided Suture of claim 7 wherein the braided 
Suture is a copolymer of glycolide and lactide. 

9. The braided Suture of claim 7 wherein the braided 
Suture is a copolymer of e-caprolactone and glycolide. 

10. The braided Suture of claim 7 wherein the braided 
Suture is a copolymer containing trimethylene carbonate and 
at least one other lactone monomer. 

11. The braided Suture of claim 2 wherein the absorbable 
copolymer is a copolymers of e-caprolactone and glycolide. 

12. A proceSS for producing a braided Suture having an 
improved knot strength comprising heating a braided Suture 
coated with a biocompatible polymer to a temperature 
sufficient to allow the weight biocompatible polymer to flow 
for a time sufficient to allow the low molecular polymer to 
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be redistributed into the interstices of the braided Suture 
thereby providing a coated braided Suture with an improved 
knot tensile Strength. 

13. The process of claim 12 wherein the biocompatible 
polymer is a low molecular weight biocompatible polymer 
Selected from the group consisting of aliphatic polyesters, 
polyoxalates, polyoxaesters and combinations thereof. 

14. The process of claim 12 wherein the braided sutures 
is absorbable. 

15. The process of claim 14 wherein the absorbable suture 
is a homopolymer or copolymer of a monomer Selected from 
the group consisting of glycolide, lactide, 1,4-dioxan-2-one, 
trimethylene carbonate, 6-Valerolactone, e-caprolactone, 
1,4-dioxepan-2-one, 1,5-dioxepan-2-one, alkyl Substituted 
derivatives of these compounds, cyclic dimers of these 
compounds and combinations of two or more thereof. 

16. The process of claim 15 wherein the braided suture is 
a copolymer of glycolide and lactide. 
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17. The braided Suture of claim 15 wherein the braided 
Suture is a copolymer of e-caprolactone and glycolide. 

18. The process of claim 15 wherein the braided suture is 
a copolymer containing trimethylene carbonate and at least 
one other lactone monomer. 

19. The process of claim 12 wherein the absorbable 
copolymer is a copolymers of S-caprolactone and glycolide. 

20. The process of claim 12 wherein the temperature to 
which the biocompatible polymer is heated is above 60° C. 

21. The process of claim 20 wherein the temperature to 
which the biocompatible polymer is heated is less than 100 
C. above the Softening temperature of the biocompatible 
polymer. 

22. The process of claim 12 wherein the time the braided 
Suture coated with the biocompatible polymer is in the range 
of from about 30 minutes to about 72 hours. 


